The lipid composition of the concentrated hemagglutininating active fraction (HF) of allantoic fluid from infected eggs, but free from Chlamydia psittaci 6BC, was compared to concentrated normal allantoic fluid (NAF). Phosphatidyl-choline (PC) and phosphatidylethanolamine were the major lipid classes of the total phospholipid fraction. Some quantitative differences were found in the amount of PC and phosphatidylserine present in HF and NAF. Lysophosphatidylcholine was present in HF but absent in NAF. Triglycerides and sterols were the major lipid classes found in neutral lipids of HF and NAF. Quantitative data showed distinct differences in the amount of different neutral lipid classes present between HF and NAF. The fatty acids of various classes of lipids were examined, and differences were noted in a number of phospholipids, sterol esters, and the free fatty acids. Branched-chain saturated fatty acids were found in many lipid classes of the HF, particularly in the phosphatidylethanolamine fraction, but were absent in the NAF.
Hemagglutinating activity of chlamydial agents has been reported by a number of investigators (1, 6, 8, 10) . In all observations, the hemagglutinin, which has never been highly purified, was rather unstable and was produced under critical conditions of inoculum size and time of harvesting (10) . Gogolak and Ross demonstrated that their crude hemagglutinin fraction contained phospholipid (6) . Recent observations of Jenkin (12) and Tamura and Higashi (15) have shown that chlamydiae have a high concentration of lipid (30 to 50%) in the intact particle and cell walls. Intact chlamydiae were found to contain 7.5% phospholipid, 80% of which was associated with the group CF antigen, whereas the residual phospholipid was found in the cell wall (11) .
Qualitative and quantitative differences in the lipid components were reported in intact chiamydiae which were distinct from the normal host (14; Jenkin et al., in preparation). Since phospholipids were associated with hemagglutinin activity (HA; 6), the present investigation was undertaken to study in detail the lipid content of the hemagglutinating active fraction (HF).
MATERIALS AND METHODS Cultivation of chlamydiae. White Leghorn embryonated chicken eggs, 8 days old, were inoculated by the allantoic cavity route of injection with 0.25 ml (3.8 log,oELD5o/egg) of a stock allantoic fluid seed of Chlamydia psittaci 6BC (ATCC). Dilutions for this inoculation were made in Brain Heart Infusion broth (BHI; Difco Detroit, Mich.) containing 4 mg of streptomycin per ml. The embryos were incubated at 35 C until a death rate of 20 to 25% occurred, usually on the sixth day after inoculation. The eggs were chilled at 4 C overnight, and the allantoic fluid was collected and pooled. All pools were examined for lack of bacterial contamination in BHI before analysis.
Preparation of the HF. Three pools of allantoic fluid from both infected and normal embryos were prepared over a period of 3 months. The fluids were centrifuged at 8,000 X g in a Sorvall RC-2B centrifuge (Norwalk, Conn.) for 30 min to sediment the organism; this removed all infectivity from the supernatant fluid. Samples of the supematant fluid were taken for determination of HA. The supernatant fluid was further sedimented at 100,000 X g for 1 hr in a Beckman Spinco model L preparative ultracentrifuge. The supernatant fluid was discarded, and the sediment was resuspended with glass-distilled water to 1/100th of the original volume. This sediment was designated HF. Further purification was not feasible since very large samples would be required which were not available. Additional fractionation increases the lability of the hemagglutinin. The preparations were stored at -60 C until they were analyzed. Normal allantoic fluid collected from embryos inoculated with diluent was treated as described above and designated NAF. inner diameter] was used in the Packard chromatograph. Both columns were packed with ethylene glycol succinate (15%), on gas chrom P, 80 to 100 mesh (Applied Science Laboratories, State College, Pa.). The oven temperature was 180 to 185 C; helium served as the carrier gas. Methyl esters were identified by relative retention time (relative to methyl octadecanoate), by the equivalent chain length (9) , and by hydrogenation. GLC data were used to estimate the weight of various lipid classes by using a 21.0 fatty acid as an internal standard.
Reference compounds. TLC and GLC standards were obtained from the Lipids Preparation Laboratory of The Hormel Institute, University of Minnesota, Austin. Phospholipid standards were prepared by silicic acid column chromatography, by TLC, and by enzymatic hydrolysis from beef heart. These compounds were identified by one-and two-dimensional TLC and infrared spectrophotometry (Perkin Elmer model no. 21).
RESULTS
The supernatant fluid from freshly harvested infected allantoic fluids after centrifugation at 8,000 x g for 30 min had HA titers of 32 or 64, and, after a 100-fold further concentration, the HA increased in the HF to 256 or 512. Fluid taken just above the HF pellet had no HA activity. No HA activity was found in NAF. The results from HA tests with either mouse or chicken red blood cells showed essentially the same activity. Table 1 summarizes the data of the lipid content of HF and NAF. The total lipids extracted from HF and NAF were 15.1 and 11.6%, respectively. The total neutral lipid and phospholipid compositions of infected and normal material were slightly different (Table 1) . However, the ratio of phospholipid to neutral lipid was 1.5 for HF and 1.1 for NAF (Table 1) .
The compositions of the neutral lipids and phospholipids are given in Table 2 . The neutral lipid classes present in HF and NAF were sterol esters, triglycerides, free fatty acids, and sterol. The major component was the triglycerides. The concentrations of sterol esters and free fatty acids were lower in HF than in NAF.
Lysophosphatidylcholine (LPC) was found only in HF. Phosphatidylethanolamine (PE) and phosphatidylcholine (PC) were the major phospholipid classes in both preparations. The cardiolipin (CL) and PC were higher in the HF, whereas more phosphatidylinositol (PI) and phosphatidylseine (PS) were present in the NAF.
The fatty acid composition of each neutral lipid class had a characteristic profile (Table 3 ). In the sterol ester fraction, there was a higher ratio of 18:2 to 18:0 fatty acids in HF than in NAF. The free fatty acid fraction showed a higher concentration of the 18:0 fatty acid in HF than in NAF, whereas the amount of 18:1 and 18:2 is lower in in the HF. The PE, PC, and SPH fractions showed no major differences in fatty acid composition between the HF and NAF. DISCUSSION The dry weight and total lipid extracted from HF were about four times higher than in NAF based on equal volumes of starting fluid (Table 1) . Both fractions were freed from tissue debris or microorganisms or both, during the concentration procedures. A hyperlipemia may have occurred in the chlamydiae infection, as reported for other microbial infections (4, 7), which could explain the sharp differences observed. Also, lipid arising from lysis of infected host cells could have added additional lipid to the HF. Serum lipids of the chick from hemorrhaging of the chorioallantoic membrane is also another possible source of increased lipid (jenkin et al., unpublished data), but these lipids are different from HF lipids.
Although the percentages of total lipid and the fatty acids of the total lipid fraction were essentially similar in HF and NAF, definite differences were observed in the proportions of some fatty acids in a number of lipid classes. In addition, a small amount of a branched-chain fatty acid was detected in the total phospholipid fraction of the HF which was absent in the normal allantoic fluid. The presence of saturated branched-chain fatty acids was magnified when specific phospholipid classes were examined. In particular, PE contained 8% branched-chain fatty acids. Branched-chain fatty acids have been found to be present in bacteria and as trace components in normal mammalian cells (M. Kates, personal communication). The finding of this type of fatty acid in the HF could thus be considered as evidence for some independent lipid metabolism of strain 6BC. In the intact chlamydial agent, much larger amounts of branched-chain fatty acids were found (14; Jenkin et al., in press). The differences in concentration of the branched-chain fatty acids between intact organisms and HF could be ascribed to a segment of the whole organism releasing the hemagglutinating particle which contains a small amount of branched-chain fatty acids. Other workers have suggested that hemagglutinin could be a degradation product of chlamydiae (5, 6, 13) . Positive evidence for linking the hemagglutinating activity with the intact particle was reported by Zakay-Roness et al. (16) . No direct evidence is available to show the specific lipid composition of chlamydial hemagglutinin, since it has yet to be highly purified and retain serological activity.
Gogolak and Ross (6) reported an association of phospholipid, particularly PC, with hemagglutinating activity. From our data, the classes of phosphatides such as CL, PE, PS, and PI in the HF were structurally different from those found in the NAF, but PC was essentially the same in both fractions. Therefore, the association of specific lipids to the HA is yet to be ascertained. Only those complex lipids containing branched fatty acids at this stage of our information can be associated with chlamydiae (14) , whereas other lipid components can be host-derived.
